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COMPOUNDS AND METHODS FOR THE 
TREATMENT OF CARDIOVASCULAR, 
INFLAMMATORY AND IMMUNE 

DISORDERS 

The present invention application claims priority to Inter 
national application No. PCT/US95/00060, ?led Jan. 6, 
1995 and US. application No. 08/178,222, ?led Jan. 6, 
1994. 

FIELD OF THE INVENTION 

This invention is in the area of compounds, pharmaceu 
tical compositions and methods for the treatment of 
in?ammatory, cardiovascular and immune disorders. The 
compounds and compositions of the present invention 
exhibit these biological activities by acting as PAF receptor 
antagonists and/or by inhibiting the enZyme 5-lipoxygenase. 

BACKGROUND OF THE INVENTION 

Platelet activating factor (PAF, 1-0-alkyl-2-acetyl-sn 
glycerol-3-phosphorylcholine) is a potent in?ammatory 
phospholipid mediator With a Wide variety of biological 
activities. PAF is generated and released by monocytes, 
macrophages, polymorphonuclear leukocytes (PMNs), 
eosinophils, neutrophils, natural killer lymphocytes, plate 
lets and endothelial cells, as Well as by renal and cardiac 
tissues under appropriate immunological and non 
immunological stimulation. PAF causes the aggregation and 
degranulation of platelets at very loW concentrations. The 
potency (active at 10'12 to 10'9 M), tissue level (picomoles) 
and short plasma half life (2—4 minutes) of PAF are similar 
to those of other lipid mediators such as thromboxane A2, 
prostaglandins, and leukotrienes. 

While PAF mediates essential biological responses, it also 
appears to play a role in pathological immune and in?am 
matory responses. Many published studies have provided 
evidence for the involvement of PAF in human diseases, 
including arthritis, acute in?ammation, asthma, endotoxic 
shock, pain, psoriasis, ophthalmic in?ammation, ischemia, 
gastrointestinal ulceration, myocardial infarction, in?amma 
tory boWel diseases, and acute respiratory distress syn 
drome. Animal models also demonstrate that PAF is pro 
duced or increased in certain pathological states. Thus, 
compounds and/or pharmaceutical compositions Which act 
as PAF receptor antagonists Will be useful in the treatment 
of these and other disease states in Which excessive amounts 
of PAF are present. 

Leukotrienes, like PAF, are potent local mediators, play 
ing a major role in in?ammatory and allergic responses, 
including arthritis, asthma, psoriasis, and thrombotic dis 
ease. Leukotrienes are straight chain eicosanoids produced 
by the oxidation of arachidonic acid by lipoxygenases. 
Arachidonic acid is oxidiZed by 5-lipoxygenase to the 
hydroperoxide 5—hydroperoxyeicosatetraenoic acid 
(5-HPETE), Which is converted to leukotriene A4, Which in 
turn can be converted to leukotriene B4, C4, or D4. The 
sloW-reacting substance of anaphylaxis is noW knoWn to be 
a mixture of leukotrienes C4, D4, and E4, all of Which are 
potent bronchoconstrictors. There has been a long estab 
lished research effort to develop speci?c receptor antago 
nists or inhibitors of leukotriene biosynthesis, to prevent or 
minimiZe pathogenic in?ammatory responses mediated by 
these compounds. As such, compounds and/or pharmaceu 
tical compositions Which inhibit the 5 -lipoxygenase enZyme 
Will be useful in the treatment of disease states in Which 
excessive amounts of leukotrienes are present. 
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2 
Given the signi?cant number of pathological immune and 

in?ammatory responses that are mediated by PAP and 
leukotrienes, there remains a need to identify neW com 
pounds and compositions that exhibit PAF receptor antago 
nistic activity and/or inhibit the enZyme 5-lipoxygenase 
(5-LO). 

SUMMARY OF THE INVENTION 

2,5-Diaryl tetrahydrothiophenes, tetrahydrofurans and 
1,3-diaryl cyclopentanes depicted in Formula 1 are inhibi 
tors of PAF and/or 5 —LO. They can be used for the treatment 
of pathological immune, in?ammatory or cardiovascular 
disorders. 

Formula I 

R1 

Ar1 Ar2 

Wherein: 

Ar1 is either 

and Wherein: 

Y1, Y2 are independently selected from the group con 
sisting of: 
(a) hydrogen; 
(b) loWer alkyl, loWer alkoxy, loWer alkenyl, loWer 

alkynyl, alkylaryl; 
(c) —AN(OM)C(O)N(R3)R4, —AN (R3)C(O)N(OM) 

R4, —AN(OM)C(O)R4, —AC(O)N(OM)R4, —AN 
(R3)C(O)N(OM)R4, —C(O)N(OM)R4, and —C(O) 
NHR3; 

Wherein A is selected from the group consisting of substi 
tuted or unsubstituted loWer alkyl, loWer alkyl-alkoxy, 
-loWer alkyl-heterocycle-loWer alkyl-, speci?cally including 
—CH2-heterocycle-CH2—, Wherein the heterocycle is pref 
erably furan or pyridine, more preferably, Wherein the alkyl 
substituents are in the 2 and 5 positions of the furan ring, or 
the 2 and 6 positions of the pyridine ring, loWer alkenyl, 
loWer alkynyl, alkaryl or aralkyl; M is selected from 
hydrogen, a pharmaceutically acceptable cation, and a meta 
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bolically cleavable leaving group; R1 and R2 are indepen 
dently selected from hydrogen, loWer alkyl, preferably loWer 
alkyl of 1—6 carbon atoms, e. g., methyl, cyclopropyl-methyl, 
ethyl, isopropyl, butyl, pentyl and heXyl, as Well as C3_8, 
cycloalkyl, for example, cyclopentyl, halo loWer alkyl, espe 
cially C1_6 haloalkyl, for example, tri?uoromethyl, halo, 
especially ?uoro, —COOH; R3 and R4 are independently 
selected from the group consisting of hydrogen, substituted 
or unsubstituted alkyl, substituted or unsubstituted alkyl 
Where one or more carbon atoms are replaced by S, N, or O, 
substituted or unsubstituted cycloalkyl of from 3 to 10 
carbon atoms, substituted or unsubstituted cycloalkyl of 
from 3 to 10 carbon atoms, Where one or more carbons are 

replaced by S, N, or O, preferably loWer alkyl, alkenyl, 
preferably loWer alkenyl, alkynyl, preferably loWer alkynyl, 
aryl, preferably phenyl, aralkyl, preferably benZyl, alkaryl, 
preferably toluyl, CL6 alkoXy-C1_1O alkyl, CL6 alkylthio 
CL1O alkyl, C1_6 hydroXy-C1_6 alkyl, C1_6 carbonyl-CL6 
alkyl, C1_6 amino- CL6 alkyl; 

R5 is selected from the group consisting of: 
(a) hydrogen, 
(b) loWer alkyl, loWer alkenyl, loWer alkynyl, alkaryl; 
(c) —AN(OM)C(O)N(R3)R4, —AN(R3)C(O)N(OM) 

R4, —AN(OM)C(O)R4, —AC(O)N(OM)R4, —AC 
(O)N(OM)R4, —AS(O)nR3, —AS(O)n—CH2C(O) 
R3, —AS(O)n—CH2CH(OH)R3, —AC(O)NHR3, 

Wherein each n is independently 0, 1 or 2; A is selected from 
the group consisting of substituted or unsubstituted loWer 
alkyl, loWer alkoXy, loWer alkenyl, loWer alkynyl, alkaryl or 
aralkyl; M is selected from hydrogen, a pharmaceutically 
acceptable cation, or a metabolically cleavable leaving 
group. 

Preferred compounds of Formula I have the folloWing 
structure: 

10 
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35 

Formula IA 

SO2R3 

CH3O n“ O 
X 

4 
CH3O OR 

OH 

Wherein A, R3, and R4 are all independently selected from 
the groups as de?ned above, X is N or C—OCH3 and 
n is as de?ned above, and pharmaceutically acceptable 
salts thereof. 

More preferred compounds of Formula I have the folloW 
ing structure: 

Formula IB 

Wherein R3 and R4 are independently selected from the 
groups de?ned above, preferably R3 and R4 are indepen 
dently selected from the preferred groups de?ned above; X 
is N or C—OCH3 and m is 2—10, and pharmaceutically 
acceptable salts thereof. 



US 6,420,392 B1 
5 

-continued 
/0 W 

O \O O 
\ 
Y, 

O\ O 
/ I 
N\ 

O 

HO )L 
“r T 

R3 H 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A. Description and Properties of the Preferred Com 
pounds 

The term alkyl, as used herein, unless otherWise speci?ed, 
refers to a saturated straight, branched, or cyclic hydrocar 
bon of C1 to C10, and speci?cally includes methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, 
cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, 
cyclohexyl, 3-rnethylpentyl, 2,2-dirnethylbutyl, and 2,3 
dirnethylbutyl. 

The term loWer alkyl, as used herein, and unless otherWise 
speci?ed, refers to a C1 to C6 saturated straight, branched, or 
cyclic (in the case of C5_6) hydrocarbon, and speci?cally 
includes methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, 
isohexyl, cyclohexyl, 3-rnethylpentyl, 2,2-dirnethylbutyl, 
and 2,3-dirnethylbutyl. 

The term alkenyl, as referred to herein, and unless oth 
erWise speci?ed, refers to a straight, branched, or cyclic (in 
the case of C5_6) hydrocarbon of C2 to C10 With at least one 
double bond. 

The term loWer alkenyl, as referred to herein, and unless 
otherWise speci?ed, refers to an alkenyl group of C2 to C6, 
and speci?cally includes vinyl and allyl. 

The term loWer alkylarnino refers to an amino group that 
has one or tWo loWer alkyl substituents. 

The term alkynyl, as referred to herein, and unless oth 
erWise speci?ed, refers to a C2 to C10 straight or branched 
hydrocarbon With at least one triple bond. 

The term loWer alkynyl, as referred to herein, and unless 
otherWise speci?ed, refers to a C2 to C6 alkynyl group, 
speci?cally including acetylenyl and propynyl. 

The term aryl, as used herein, and unless otherWise 
speci?ed, refers to phenyl or substituted phenyl, Wherein the 
substituent is halo or loWer alkyl. 

The term halo, as used herein, includes ?uoro, chloro, 
brorno, and iodo. 

The term halo (alkyl, alkenyl, or alkynyl) refers to a 
(alkyl, alkenyl, or alkynyl) group in Which at least one of the 
hydrogens in the group has been replaced With a halogen 
atom. 

The term heterocycle or heteroarornatic, as used herein, 
refers to an aromatic rnoiety that includes at least one sulfur, 
oxygen, or nitrogen in the aromatic ring. Non-lirniting 
examples are pyrryl, furyl, pyridyl, 1,2,4-thiadiaZolyl, 

O pyrirnidyl, thienyl, isothiaZolyl, irnidaZolyl, tetraZolyl, 
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pyraZinyl, pyrirnidyl, quinolyl, isoquinolyl, benZothienyl, 
isobenZofuryl, pyraZolyl, indolyl, purinyl, carbaZolyl, 
benZirnidaZolyl, and isoxaZolyl. 

The term aralkyl refers to an aryl group With an alkyl 
substituent. 
The term alkaryl refers to an alkyl group that has an aryl 

substituent. 
The term substituted (e.g., substituted alkyl) refers to one 

or more substituent groups selected from the folloWing: 
halogen, hydroxy, arnino, C1—C6 alkylarnino, C2—C15 
dialkylarnino, carbarnoyl, C1—C6 N-alkylcarbarnoyl, C2—C15 
N,N-dialkylcarbarnoyl, cyano, nitro, C2—C15 
dialkylsulfarnoyl, CF3, C1—C6 acyl, C1—C6 alkoxy, carboxy, 
C2—C6 carboxylic acid, carboxarnido, allyl, thio, C1—C6 
alkylthio, C1—C6 alkylsulfonyl, C1—C6 haloalkylsulfonyl, 
C1—C6 alkylsul?nyl, C1—C6 haloalkylsul?nyl, arylthio, 
C2—C6, haloalkoxy, and the like. 
The term organic or inorganic anion refers to an organic 

or inorganic rnoiety that carries a negative charge and can be 
used as the negative portion of a salt. 

The term “pharrnaceutically acceptable cation” refers to 
an organic or inorganic rnoiety that carries a positive charge 
and that can be administered in association With a pharrna 
ceutical agent, for example, as a countercation in a salt. 
Pharrnaceutically acceptable cations are knoWn to those of 
skill in the art, and include but are not limited to sodium, 
potassium, and quaternary arnine. 

The term “rnetabolically cleavable leaving group” refers 
to a rnoiety that can be cleaved in vivo from the molecule to 
Which it is attached, and includes but is not limited to an 
organic or inorganic anion, a pharrnaceutically acceptable 
cation, acyl (for example (alkyl)C(O), including acetyl, 
propionyl, and butyryl), alkyl, phosphate, sulfate and sul 
fonate. 
The term pharrnaceutically acceptable salts or cornplexes 

refers to salts or complexes that retain the desired biological 
activity of the above-identi?ed compounds and exhibit rnini 
rnal undesired toxicological effects. 
The term PAF receptor antagonist refers to a compound 

that binds to a PAF receptor With a binding constant of 30 
pM or loWer. 

The term S-lipoxygenase inhibitor refers to a compound 
that inhibits the enzyme at 30 pM or loWer in a broken call 
system. 
The term pharrnaceutically active derivative refers to any 

compound that upon administration to the recipient, is 
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capable of providing directly or indirectly, the compounds 
disclosed herein. 

Preferred 2,5-diaryl tetrahydrothiophenes, and tetrahy 
drofurans and 1,3-diaryl cyclopentanes of the present inven 
tion exhibit PAF receptor antagonist activity With an IC5O of 
from about 1 nM to about 1 pM, and/or they inhibit the 
enZyme 5-lipoxygenase With an IC5O of from about 50 nM 
to about 10 pM, or they have dual activity, and are thus 
useful in the treatment of mammals, including humans, Who 
have immune, allergic or cardiovascular disorders that are 
mediated by PAF or products of 5-lipoxygenase. 

B. Stereochemistry 
The 2,5-diaryl tetrahydrofurans, tetrahydrothiophenes, 

and 1,3-cyclopentanes disclosed herein exhibit a number of 
stereochemical con?gurations. Carbon atoms 2 and 5 in the 
center ring are chiral, and thus the center ring exists at a 
minimum as a diastereomeric pair. Each diastereomer exists 
as a set of enantiomers. Therefore, based on the chiral C2 and 
C5 atoms alone, the compound is a mixture of four enanti 
omers. The present invention is thus directed to each of the 
separated enantiomers, as Well as to all of the possible 
mixtures thereof. 

If nonhydrogen substituents are located on carbon atoms 
3 and 4 in the center ring, then the C3 and C4 atoms are also 
chiral, and can also exist as a diastereomeric pair, that is also 
a mixture of four enantiomers. 

The R groups in the active compounds described herein 
can likeWise include chiral carbons, and thus, optically 
active centers. 

C. Pharmaceutical Compositions 
Humans, equine, canine, bovine and other animals, and in 

particular, mammals, suffering from in?ammatory diseases, 
and in particular, disorders mediated by PAF or products of 
5 -lipoxygenase can be treated by administering to the patient 
an effective amount of one or more of the above-identi?ed 

compounds or a pharmaceutically acceptable derivative or 
salt thereof in a pharmaceutically acceptable carrier or 
diluent to reduce formation of oxygen radicals. The active 
materials can be administered by any appropriate route, for 
example, orally, parenterally, intravenously, intradermally, 
subcutaneously, or topically, in liquid, cream, gel or solid 
form. 

The active compound is generally included in the phar 
maceutically acceptable carrier or diluent in an amount 
sufficient to deliver to a patient a therapeutically effective 
amount Without causing serious toxic effects in the patient 
treated. A preferred dose of the active compound for all of 
the above-mentioned conditions is in the range from about 
0.01 to 300 mg/kg, preferably 0.1 to 100 mg/kg per day, 
more generally 0.5 to about 25 mg per kilogram body Weight 
of the recipient per day. A typical topical dosage Will range 
from 0.01—3% Wt/Wt in a suitable carrier. The effective 
dosage range of the pharmaceutically acceptable derivatives 
can be calculated based on the Weight of the parent com 
pound to be delivered. If the derivative exhibits activity in 
itself, the effective dosage can be estimated as above using 
the Weight of the derivative, or by other means knoWn to 
those skilled in the art. 

The compound is conveniently administered in any suit 
able unit dosage form, including but not limited to one 
containing 1 to 3000 mg, preferably 5 to 500 mg of active 
ingredient per unit dosage form. An oral dosage of 25—250 
mg is usually convenient. 

The active ingredient should be administered to achieve 
peak plasma concentrations of the active compound of about 
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8 
0.01—30 mM, preferably about 0.1—10 mM. This may be 
achieved, for example, by the intravenous injection of a 
solution or formulation of the active ingredient, optionally in 
saline, or an aqueous medium or administered as a bolus of 
the active ingredient. 
The active compound or pharmaceutically acceptable 

derivatives or salts thereof can also be mixed With other 
active materials that do not impair the desired action, or With 
materials that supplement the desired action, such as 
antibiotics, antifungals, other anti-in?ammatories, or antivi 
ral compounds. 

D. Biological Activity 
A Wide variety of biological assays have been used to 

evaluate the ability of a compound to act as a PAF receptor 
antagonist, including the ability of the compound to bind to 
PAF receptors, and the effect of the compound on various 
PAF mediated pathWays. Any of these knoWn assays can be 
used to con?rm the ability of the compounds disclosed 
herein to act as PAF receptor antagonists. 

For example, PAF is knoWn to induce hemoconcentration 
and increased permeability of microcirculation leading to a 
decrease in plasma volume. PAF mediated acute circulatory 
collapse can be used as the basis of an assay to evaluate the 
ability of a compound to act as a PAF antagonist, by 
analyZing the effect of the compound on PAF induced 
decreased plasma volume in an animal model such as 
mouse. 

Endotoxemia causes the release of chemical mediators 
including eicosanoids, PAP, and tumor necrosis factor (TNF) 
that stimulate a variety of physiologic responses including 
fever, hypotension, leukocytosis, and disturbances in glu 
cose and lipid metabolism. Endotoxemia can result in severe 
shock and death. Endotoxin-induced mouse mortality is a 
useful animal model to evaluate the pharmacological effect 
of compounds on endotoxic shock. 

AWide variety of biological assays have also been used to 
evaluate the ability of a compound to inhibit the enZyme 
5-lipoxygenase. For example, a cytosol 5-lipoxygenase of 
rat basophilic leukemia cells (RBL) has been Widely utiliZed 
in studies on leukotriene biosynthesis. Compounds that 
inhibit 5-lipoxygenase decrease the levels of leukotrienes. 

Another biological assay used to evaluate the ability of a 
compound to inhibit the enZyme 5-lipoxygenase is based on 
the classic pharmacological model of in?ammation induced 
by the topical application of arachidonic acid to the mouse 
ear. On application, arachidonic acid is converted by 
5-lipoxygenass to various leukotrienes (and other 
mediators), Which induce changes in blood ?oW, erythema, 
and increase vasodilation and vasopermeability. The result 
ing edema is measured by comparing the thickness of the 
treated ear to a control ear. Agents that inhibit 
5-lipoxygenase reduce the edematous response, by loWering 
the amounts of biochemical mediators formed from arachi 
donic acid. 

E. Syntheses of the Preferred Compounds 
The 2,5-diaryl tetrahydrofurans and tetrahydrothiophenes 

disclosed herein can be prepared in a variety of Ways knoWn 
to those skilled in the art, including by methods disclosed by 
Biftu, et al. in US. Pat. Nos. 4,539,332, 4,757,084, 4,996, 
203 and 5,001,123, and European Patent Application Nos. 
903062347, 903062354, and 892025933. 

1,3-Diaryl cyclopentanes can be prepared using the pro 
cedure of Graham, et al. (1.3-Diaryl Cyclopentanes: ANeW 
Class of Potent PAF 5 Receptor Antagonists. 197th ACS 
National Meeting, Dallas, Tex., Apr. 9—14, 1989, Division of 
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Medicinal Chemistry, poster no. 25 (abstract)), or by other -Continued 
known methods. OH 

H3C—CH—N—C—NH—R' 
A general procedure for preparing a hydroXyurea is: 5 R \\ 

R—NHZ triphosgene —> R—N=C=O 

OH A general procedure for preparing a hydroXarnic acid is: 
R'—NH—OH —> R'—N—C—NH—R 10 

O R— COZH oXalyl chloride—> 

OH 

R—COCl R'—NH(OH) —> R'—N—/C—R 
Wherein R is a 2,5-diaryl tetrahydrothiophene or tetrahydro- 15 O/ 
furan; 1,3-diaryl cyclopentane With or Without a linking 
moiety, and R‘ is a rnoiety as de?ned in detail above. 

A general procedure for preparing a reverse hydroXarnic acid 
is: 

General procedures for preparing reverse hydroXyureas 
are: 20 

O—C(O)—R' OH 
OH . 
/ 25 R—N—C—R L1OH —> R—N—C—R 

or Rh/C, N2H4 R—N—C—NH—R' / 
\\ O O 
O 

2. 

R—C—CH3 NH2OH—> R—C—CH3 BH3°Py—> _ _ 
// The following schernes (1—10) illustrate the preferred 
0 NOH 3O synthetic methods utiliZed herein. The examples Which 

R—CH—CH3 R—NCO —' folloW these schemes are re?ective thereof. These examples 

NHOH are merely illustrative, and are not intended to limit the 
scope of the present invention. 

Scheme 1 

H3CO _, I Cu, (SCH3)2 
0‘ 
w o DMF, 140° (3. 

20h. 90.3% 
OH 

H3CO O/\/ 

OCH3 201 OCH3 

H co , 
3 Na“ scH3 

MMPP, CH3CN 
—> 

OH m. 3h, 92.8‘7 
H3CO O/\/ 0 

OCH3 202 OCH3 

H3CO “\“v- SOZCH3 
o 

CH3SO2C1, Et3N 
OH —> 

H3CO O/\/ m. 3h, 83.0% 

OCH3 OCH3 
203 
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Were dissolved in 200 mL absolute ethanol and re?uxed for 
10 hours. Additional dimethylamine hydrochloride (13.21 g, 
162.0 mmole) and paraformaldehyde (9.75 g, 304.7 mmole) 
Were added and the solution returned to re?ux. After 54 
hours (total reaction time), 80 mL of 10% HCl and 500 mL 
of Water Were added and the solution Was extracted With 
ethyl ether. The acidic aqueous layer Was adjusted to pH 10 
With 10% NaOH. The basic solution Was extracted With 
ethyl acetate, dried over MgSO4, ?ltered and evaporated in 
vacuo to provide 57.5 g of a yelloW oil (92%). 1H NMR 
(CDCl3): 62.30 (s, 6 H); 2,74 (t, 2 H); 3.11 (t, 3 H); 3.91 (s, 

9 H); 7.23 (s, 1 H); 7.32 (s, 1 3-(N,N,N-Trimethylamino)-1-(3,4,5-trimethoxyphenyl)-1 
propanone iodide (compound 102) 

3-(N,N-Dimethylamino)-1-(3,4,5-trimethoxyphenyl)-1 
propanone (57 g, 213.5 mmole) Was dissolved in 200 mL of 
anhydrous diethyl ether. To this solution Was added methyl 
iodide (57.6 g, 405.7 mmole). A White precipitate formed 
immediately, and the reaction mixture Was stirred at room 
temperature for an additional 2 hours. This product Was 
isolated by suction ?ltration (83.8 g, 96%). 
3,4,5-Trimethoxyphenylvinylketone (compound 103) 

3-(N,N,N-Trimethylamino)-1-(3,4,5-trimethoxyphenyl) 
1-propanone iodide (50 g, 120 mmole) Was dissolved in H20 
(500 mL) and ethyl acetate (500 mL) Was added. The 
mixture Was vigorously stirred at re?ux for 3 hours. The 
reaction mixture Was cooled and the layers Were separated. 
To the aqueous phase Was added ethyl acetate (400 mL). 
This Was brought to re?ux for 1.5 hours. The reaction 
mixture Was cooled and separated. The combined organic 
layers Were Washed With saturated NaCl solution, dried over 
Na2SO4, ?ltered and concentrated in vacuo to an oil Which 
Was puri?ed by ?ash column chromatography using 3:1 
hexane/ethyl acetate as solvent (14.7 g, 54%). 1H NMR 
(CDCl3) 63.92 (s, 9 H); 5.92 (d, 1 H); 6.44 (d, 1 H); 7.12 (m, 

1 H); 7.22 (s, 2 3-Methoxy-4-hydoxyethoxy-6-iodobenZaldehyde 
(compound 104) 

5-Iodovanillin (25 g, 90 mmol) in DMF (100 mL) Was 
added to potassium carbonate (18.6 g, 135 mmol). The 
mixture Was heated at 40° C. for 16 hours. The reaction 
mixture Was alloWed to cool to room temperature and 
quenched With Water (500 mL) and extracted With ethyl 
acetate. The organic layer Was Washed With Water and 
saturated NaCl solution, and dried over MgSO4, ?ltered and 
evaporated in vacuo to an oil, and then puri?ed by column 
chromatography (silica, 2:1 hexane/ethyl acetate), to pro 
vide the product (16.6 g, 57%). 1H NMR (CDCl3) 62.70 (t, 
1 H); 3.92 (t, 2 H); 3.92 (s, 3 H); 3.94 (s, 3 H); 4.29 (t, 2 H); 

7.44 (s, 1 H); 7.87 (s, 1 H); 9.85 (9, 1 I-(3-Methoxy-4-hydroxyethoxy-5-iodophenyl)-4-(3,4,5 
trimethoxyphenyl)-1,4-butanedione (compound 105) 

3,4,5-Trimethoxyphenylvinylketone (4.8 g, 21.6 mmol), 
3-methoxy-4-hydroxyethoxy-5-iodobenZaldehyde (5.7 g, 
17.8 mmol), and 3-benZyl-5-(2-hydroxyethyl)-4 
methylthiaZolium chloride (1.9 g, 7.0 mmol) Were stirred in 
triethylamine (20 mL) at 60° C. for 16 hours. The reaction 
mixture Was then acidi?ed With 10% HCl, and extracted 
With dichloromethane. The organic layer Was dried over 
MgSO4, ?ltered and evaporated in vacuo. The product Was 
puri?ed in column chromatography (silica, 1:1 hexane/ethyl 
acetate) as a solid (9.7 g, 51%). 1H NMR (CDCl3) 63.41 (m, 
4 H); 3.90 (m, 2 H); 3.92 (s, 3 H); 3.93 (s, 9 H); 4.26 (t, 2 

H); 7.29 (s, 2 H); 7.57 (d, 1 H); 8.08 (d, I 1-(3-Methoxy-4-hydroxyethoxy-5-iodophenyl)-4-(3,4,5 
trimethoxyphenyl)-1,4-butanediol (compound 106) 

1-(3-Methoxy-4-hydroxyethoxy-5-iodophenyl)-4-(3,4,5 
trimethoxyphenyl)-1,4-butanedione (11.6 g, 21.3 mmol), 
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32 
Was added to 120 mL tetrahydrofuran and 240 mL methanol. 
To this solution Was added dropWise sodium borohydride 
(1.45 g, 38.4 mmol), in 60 mL Water. The reaction mixture 
Was stirred at room temperature for 2.5 hours, and then 
cooled, quenched With Water, and the aqueous layer 
extracted With ethyl acetate. The organic layer Was dried 
over MgSO4, ?ltered and evaporated in vacuo to provide the 
product (11.8 g, 98.8%). 1H NMR (CDCl3) 61.84 (m, 4 H); 
3.84 (m, 2 H); 3.86 (s, 3 H); (s, 9 H); 4.15 (t, 2 H); 4.68 (m, 

2 H); 6.57 (s, 2 H); 6.91 (9, 1 H); 7.32 (s, 1 Trans-2-(3-methoxy-4-hydroxyethoxy-5-iodophenyl)-5-(3, 
4,5-trimethoxyphenyl)tetrahydrofuran (compound 107) 

To 1-(3-methoxy-4-hydroxyethoxy-5-iodophenyl)-4-(3,4, 
5-trimethoxyphenyl)-1,4-butanediol (11.8 g, 21.5 mmol) in 
chloroform (100 mL) at 0° C. Was added dropWise tri?uo 
roacetic acid (9.82 g, 86.1 mmol) in chloroform (100 mL) 
over 30 minutes. The solution Was stirred at 0° C. for 2 hours 
and then at room temperature for 1 hour. The reaction 
mixture Was quenched With 1N NaOH and chloroform (100 
mL) Was added. The organic layer Was Washed With 1N 
NaOH solution, Water and saturated NaCl solution, and then 
dried over MgSO4, ?ltered and evaporated in vacuo to an oil 
Which Was a cis and trans mixture. The trans isomer Was 
isolated by column chromatography (silica, 1:1 hexane/ethyl 
acetate) (4.7 g, 41.4%) as the faster eluting isomer. 1H NMR 
(CDCl3) 61.99 (m, 2 H); 2.47 (m, 2 H); 3.83 (t, 2 H); 3.84 
(s, 3 H); 3.87 (s, 3 H); 3.89 (s, 6 H); 4.16 (t, 2 H); 5.18 (m, 

2 H); 6.62 (s, 2 H); 6.96 (d, 1 H); 7.39 (d, 1 Trans-2-(3-methoxy-4-methylsulfoxyethoxy-5 
iodophenyl)-5-(3,4,5-trimethoxyphenyl) tetrahydrofuran 
(compound 108). 

To the solution of trans-2-(3-methoxy-4-hydroxyethoxy 
5-iodophenyl)-5-(3,4,5-trimethoxyphenyl)tetrahydrofuran 
(4.7 g, 8.87 mmol) in dichloromethane (50 mL) at 0° C. Was 
added methylsulfonyl chloride (3.05 g, 26.6 mmole) and 
triethylamine (2.69 g, 26.60 mmol). The reaction mixture 
Was stirred at 0° C. for 2 hours and room temperature 
overnight. The solvent Was evaporated in vacuo and the 
residue puri?ed by column chromatography (silica, 1:1 
hexane/ethyl acetate) (4.17 g, 77.3%). 1H NMR (CDCl3) 
61.98 (m, 2 H); 2.45 (m, 2 H); 3.15 (s, 3 H); 3.84 (s, 3 H); 
3.88 (s, 9 H); 4.26 (t, 2 H); 4.61 (t, 2 H); 5.17 (m, 2 H); 6.62 

(s, 2 H); 6.96 (d, 1 H); 7.38 (d, 1 Preparation of trans-2-[4-(2-(N‘-hydroxy-N‘-substituted 
ureidyl)ethoxy)3-methoxy-5-methylsulfonylphenyl]-5-(3,4, 
5-trimethoxyphenyl)-tetrohydrofuran (compounds 1—3, 
scheme 1) 
Trans-2-[4-(2-hydroxyethoxy)-3-methoxy-5-methylthio 
phenyl)-5-(3,4,5-trimethoxyphenyl)tetrahydrofuran 
(compound 202, scheme 1) 
To a solution of trans-2-(4-(2-hydroxy ethoxy)-3 

methoxy-5-iodophenyl]-5-(3,4,5-trimethoxyphenyl) 
tetrahydrofuran (201) (6.78 g, 12.79 mmol) in 80 mL of 
DMF Was added copper poWder (6.91 g, 108.74 mmol) and 
dimethyldisul?de (2.3 mL, 25.58 mmol). The reaction Was 
heated at 140° C. for 20 hours. The mixture Was then cooled, 
?ltered and Washed With ethyl acetate. Water Was added to 
the ?ltrate and the mixture Was extracted With ethyl acetate. 
The organic layer Was Washed three times With Water, dried 
over magnesium sulfate, ?ltered and evaporated in vacuo to 
an oil Which Was puri?ed by ?ash column chromatography 
(silica gel, 1:1 hexane/ethyl acetate) (5.2 g, 90.3%). 1H 
NMR (CDCl3) 61.99 (m, 2 H); 2.46 (s, 3 H); 2.47 (m, 2H; 
3.79 (m, 2 H); 3.83 (s, 3 H); 3.84 (s, 3 H); 3.88 (s, 6 H); 4.20 

(t, 2 H); 5.20 (m, 2 H); 6.61 (s, 2 H); 6.82 (s, 2 Trans-2-[4-(2-hydroxyethoxy)-3-methoxy-5 
methylsulfonylphonyl]-5(3,4,5-trimethoxyphenyl) tetrahy 
drofuran (compound 203, scheme 1) 
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A suspension of magnesium monoperoxyphthalic acid 
(10.4 g, 20.95 mmol) in 30 mL of Water Was added to 202 
(5.03 g, 11.18 mmol) in 80 mL of acetonitrile. The reaction 
mixture Was stirred at room temperature for 3 hours and then 
Water Was added and the mixture Was extracted With ethyl 
acetate. The organic layer Was Washed With 10% sodium 
carbonate solution, Water and saturated sodium chloride 
solution, dried over magnesium sulfate and evaporated to 
provide the product (5 g, 92.8%). 1H NMR (CDCl3) 62.00 
(m, 2 H); (m, 2 H); 3.26 (s, 2 H); 3.84 (s, 3 H); 3.87 (m, 2 
H); 3.88 (s, 6 H), (s, 3 H); 4.44 (m, 2 H); 5.22 (m, 2 H); 6.61 

(s, 2 H); 7.31 (d, 1 H); 7.53 (d, 1 Trans-2-[4-(2-methylsulfoxyethoxy)-3-methoxy-6 
methylsulfonyl-phenyl]-5-(3,4,5-trimethoxyphenyl) tet 
rahydrofuran (compound 204, scheme 1) 

To a solution of 203 (5 g, 10.37 mmol) in 30 mL 
dichloromethane at 0° C. Was added methanesulfonyl chlo 
ride (1.78 g, 15.56 mmol) and triethylamine (2.36 g, 23.34 
mmol). The reaction mixture Was stirred at room tempera 
ture for 3 hours. The solvent Was evaporated in vacuo and 
the residue puri?ed by ?ash column chromatography (silica, 
1:1 hexane/ethyl acetate) (4.82 g, 83.0%). 1H NMR (CDCl3) 
61.99 (m, 2 H); 2.48 (m, 2 H); 3.12 (s, 3 H); 3.26 (s, 3 H); 
3.83 (s, 3 H); 3.88 (s, 6 H); 3.92 (s. 3 H); 4.42 (t, 2 H); 4.61 
(t, 2 H); 5.22 (m, 2 H); 6.60 (t, 2 H); 7.31 (d, 1 H); 7.51 (d, 

1 Trans-2-[4-(2-phthalimidylethoxy)-3-methoxy-5 
methylsulfonylphenyl]-5-(3,4,5-trimethoxyphenyl) tetrahy 
drofuran (compound 205, scheme 1) 

To a solution of 204 (500 mg, 0.89 mmol) in 25 mL 
ethanol Was added potassium carbonate (122.3 mg, 0.88 
mmol) and phthalimide potassium salt (248 mg, 1.34 mmol). 
The reaction mixture Was re?uxed for 16 hours. The reaction 
Was quenched With Water and extracted With ethyl acetate. 
The organic layer Was Washed With Water and saturated 
sodium chloride solution, dried over magnesium sulfate, 
?ltered and evaporated to an oil Which Was puri?ed by ?ash 
column chromatography (silica, 1:1 hexane/ethyl acetate) 
(410 mg, 75.2%). 1H NMR (CDCl3) 61.99 (m, 2 H); 2.46 
(m, 2 H); 3.28 (s. 3 H); (s, 3 H); 3.88 (s, 6 H); 3.91 (s, 3 H); 
4.15 (t, 2 H); 4.32 (t, 2 H); (m, 2 H); 6.61 (s, 2 H); 7.20 (d, 

1 H); 7.51 (d, 1 H); 7.73 (m, 2 H); 7.87 (m, 2 Trans-2-[4-(2-aminoethoxy)-3-methoxy-5 
methylsulfonylphenyl]-5-(3,4,5-trimethoxyphenyl) tetrahy 
drofuran (compound 206, scheme 1) 

To a solution of 205 (100 mg, 0.16 mmol) in 5 mL ethanol 
Was added hydraZine monohydrate (52.5 mg, 1.64 mmol). 
The reaction mixture Was re?uxed for 20 hours. The reaction 
Was quenched With Water and extracted With ethyl acetate. 
The organic layer Was Washed With Water and saturated 
sodium chloride solution, dried over magnesium sulfate, 
?ltered and evaporated to provide product. 1H NMR 
(CDCl3) 61.99 (m, 2 H); 2.49 (m, 2 H); 3.12 (m, 2 H); 3.26 
(3, 3 H); 3.83 (s, 3 H); 3.88 (s, 6 H); 3.92 (s, 3 H); 4.24 (t, 
2 H); 5.21 (m, 2 H); 6.61 (s, 2 H); 7.29 (d, 1 H); 7.51 (d, 1 
H 
Trans-2-[4-(2-(N‘-methyl-N‘-hydroxyureidyl)ethoxy)-3 
methoxy-5-methylsulfonylphenyl]-5-(3,4,5 
trimethoxyphenyl)tetrohydrofuran (compound 1, scheme 1) 

To a solution of 206 (20 mg, 0.042 mmol) in 3 mL 
dichloromethane Was added triphosgene (4.1 mg, 0.014 
mmol) and triethylamine (4.2 mg, 0.042 mmol). The reac 
tion mixture Was re?uxed for 2 hours and then cooled With 
an ice both. To this cold solution Was added triethylamine 
(18.9 mg, 0.187 mmol) and methylhydroxyamine hydro 
chloride (10.4 mg, 0.125 mmol). The reaction mixture Was 
stirred at room temperature overnight, and solvent Was 
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evaporated in vacuo. The product Was isolated by ?ash 
column chromatography (silica, ethyl acetate) (17 mg, 
73.9%). 1H NMR (CDCl3) 62.00 (m, 2 H); 2.49 (m, 2 H); 
3.17 (s, 3 H); 3.24 (2, 3 H); 3.64, m, 2 H); 3.85 (s, 3 H); 3.89 
(s, 6 H); 3.94 (s, 3 H); 4.38 (t, 2 H); 5.22 (m, 2 H); 6.49 (s, 

I H); 6.62 (s, 2 H); 6.85 (t, 1 H); 7.29 (d. 1 H); 7.52 (d, 1 Trans-2-[4-(2-(N‘-butyl-N‘-hydroZyureidyl) ethoxy)-3 
methoxy-5-methylsulfonylphenyl]-5-(3,4,5 
trimethoZyphenyl)tetrahydrofuran (compound 2, scheme 1) 

To a solution of 206 (36 mg, 0.075 mmol) in 3 mL 
dichloromethane Was added triphosgene (7.3 mg, 0.025 
mmol) and triethylamine (7.6 mg, 0.075 mmol). The reac 
tion mixture Was re?uxed for 2 hours and then cooled With 
ice both. To this cold solution Was added triethylamine (34.1 
mg, 0.34 mmol) and butylhydroxyamine hydrochloride 
(28.1 mg, 0.22 mmol). The reaction mixture Was stirred at 
room temperature overnight, and the solvent Was evaporated 
in vacuo. The product Was isolated by ?ash column chro 
matography (silica, ethyl acetate) (17 mg, 73.9%). 1H NMR 
(CDCl3) 60.94 (t, 3 H); 1.34 (m, 2 H); 1.59 (m, 2 H); 2.00 
(m, 2 H); 2.49 (m, 2 H); 3.24 (s, 3 H); 3.51 (t, 2 H); 3.65 (m, 
2 H); 3.84 (s, 3 H); 3.89 (s, 6 H); 3.93 (s, 3 H); 4.38 (t, 2 H); 
5.22 (m, 2 H); 6.62 (s, 2 H); 6.82 (t, 1 H); 7.29 (d, 1 H); 7.51 

(d, 1 Trans-2-[4-(2-(N‘-butyl-N‘-cyclohexanyl-N‘-hydroxy) 
ureidylethoxy)-3-methoxy-5-methylsulfonylphenyl]-5-(3,4, 
5-trimethoxyphenyl)tetrahydrofuran (compound 3, scheme 
1 
To a solution of 206 (36 mg, 0.075 mmol) in 3 mL 

dichloromethane Was added triphosgene (7.3 mg, 0.025 
mmol) and triethylamine (7.6 mg, 0.075 mmol). The reac 
tion mixture Was re?uxed for 2 hours and then cooled With 
ice bath. To this cold solution Was added triethylamine (34.1 
mg, 0.34 mmol) and cyclohexylhydroxyamine hydrochlo 
ride (34.0 mg, 0.22 mmol). The reaction mixture Was stirred 
at room temperature overnight, and the solvent Was evapo 
rated in vacuo. The product Was isolated by ?ash column 
chromatography (silica, ethyl acetate) (22 mg, 47.2%). 1H 
NMR (CDCl3) 61.12—1.96 (m, 10 H); 2.82 (m, 1 H); 2.00 
(m, 2 H); 2.50 (m, 2 H); 3.25 (s, 3 H); 3.66 (m, 2 H); 3.85 
(s, 3 H); 3.89 (s, 6 H); 3.94 (s, 3 H); 4.38 (t, 2 H); 5.23 (m, 
2 H); 6.62 (s, 2 H); 6.86 (t, 1 H); 7.29 (d, 1 H); 7.53 (d, 1 

EXAMPLE 2 
Preparation of trans-2-[4-(2-(N-hydroxy-N‘-substituted 
ureidyl)ethoxy)-3-methoxy-5-methylsulfonylphenyl]-5-(3, 
4,5-trimethoxyphenyl)tetrahydrofuran (compounds 4—6. 
scheme 1) 
Trans-2-[4-(2-N-hydroxyaminoethoxy)-3-methoxy-5 
methylsulfonyl-phenyl]-5-(3,4,5-trimethoxyphenyl) tet 
rahydrofuran (compound 207, scheme 1) 
To a solution of 204 (930 mg, 1.66 mmol) in 10 mL 

ethanol Was added sodium carbonate (396 mg, 3.74 mmol) 
and hydroxylamine hydrochloride (173.1 mg, 2.49 mmol). 
The reaction mixture Was re?uxed for 16 hours, cooled to 
room temperature, quenched With Water and extracted With 
ethyl acetate. The organic layer Was Washed With Water and 
saturated sodium chloride solution, dried over magnesium 
sulfate, ?ltered and evaporated in vacuo to provide the 
named product (800 mg, 97.0%). 1H NMR (CDCl3) 62.00 
(m, 2 H); 2.49 (m, 2 H); 3.26 (m, 2 H); 3.36 (m, 2 H); 3.83 
(s, 3 H); 3.88 (s, 6 H); 3.92 (s, 3 H); 4.40 (m, 2 H); 5.21 (m, 

2 H); 6.61 (s, 2 H); 7.30 (d, 1 H); 7.51 (d, 1 Trans-2-[4-(2-(N-hydroxy-N‘-hydrogen ureidyl) ethoxy)-3 
methoxy-5-methylsulfonylphenyl]-5-(3,4,5 
trimethoxyphenyl)tetrahydrofuran (compound 4, scheme 1) 

To a solution of 207 (50 mg, 1.66 mmol) in 1 mL 
dichloromethane Was added trimethylsilyl-isocyanate (11.6 
































